A novel rapid, simple and solvent-free method was developed for determination of the volatile compounds from the flowers of Chimonanthus praecox Link using headspace solidphase microextraction (HS-SPME) and gas chromatography-mass spectrometry (GC-MS). The SPME conditions were firstly optimized and applied to sampling of the volatile compounds emitted from living Chimonanthus praecox L. flowers and excised Chimonanthus praecox L. flowers. Thirty-one compounds emitted from living flowers were identified for the first time, which mainly included 4-methyl-1,3-pentadiene (2.0%), α-phellandrene (4.7%), benzyl methanol (11.1%), trans-linalool oxide (furanyl ring) (5.3%), α-linalool (36.0%), methyl salicylate (24.5%) and acetic acid benzyl ester (5.9%). Comparing the emission from living flowers and excised flowers, twenty-eight compounds were found to be detected in the two emissions, and three compounds, n-pentadecane, n-cetane and n-heptadecane, were only found in the emission from the living flowers, which shows that they might be biomarker compounds.
Introduction
In 1990, a new extraction technique, solid-phase microextraction (SPME), was introduced (Arthur and Pawliszyn, 1990) . It has gained widespread acceptance in many areas in recent years (Arthur et al., 1992; Pawliszyn, 1999; Zhang et al., 1994) . SPME combined with gas chromatography-mass spectrometry (GC-MS) has been used to investigate volatile constituents present in plant tissues (Kovacevic and Kac, 2001; Stashenko et al., 2004; Flamini et al., 2003b) . Recently, investigation of volatile compounds emitted from living plants and plant tissues was performed using this technique (Zini et al., 2001; Xu et al., 2002) . It is well documented that the scent of plant flower plays a major role in attracting pollinating insects. The floral scents can act both at long distances as attraction cues and at short distances as orientation cues among different flowers (William, 1983) . Therefore, the investigation of volatile compounds emitted from flowers is very interesting. SPME and GC-MS were developed to analyze the floral scent (Flamini et al., 2003a; Bartak et al., 2003) . In almost reports, flowers were excised from plant and extracted and analyzed. Only one paper reported 0939Ð5075/2004/0900Ð0636 $ 06.00 " 2004 Verlag der Zeitschrift für Naturforschung, Tübingen · http://www.znaturforsch.com · D
that SPME was applied to analyze living flowers (Verdonk et al., 2003) .
In our previous studies, GC-MS and SPME were developed for analysis of volatile constituents present in plant leaves, fruit and flowers (Deng et al., 2003a, b, c; Deng et al., 2004a; Shang et al., 2002) . Recently, we developed SPME for investigation of the plant defense response to tobacco mosaic virus (TMV) by determination of volatile compounds emitted from living tomato plants (Deng et al., 2004b) .
The shrub Chimonanthus praecox Link belongs to the Calycanthaceae family. It occurs in Chinese montaine forest. Due to its fragrant flowers, it is widely cultivated in lots of countries. The whiteyellow flowers appear before the leaves during late winter. Due to its exceptional fragrant flowers in winter, it has the common name of wintersweet. The aromatic volatiles from Chimonanthus praecox flowers are very pleasant to the human sensory system and have a potential application as components of perfumes. Moreover, in China, the flowers have been applied to the treatment of lots of diseases for a long time. However, up to date, the aromatic compounds present in the flowers are unclear.
In this paper, SPME with GC-MS was developed for determination of the volatile compounds from the Chimonanthus praecox flowers.
Materials and Methods

SPME holder and fibers
A manual SPME holder and five commercial SPME fibers: 100-µm poly(dimethylsiloxane) (PDMS), 65-µm poly(dimethylsiloxane)-divinylbenzene (PDMS-DVB), 65-µm carbowax-divinylbenzene (CW-DVB), 85-µm poly(acrylate) (PA), 75-µm carboxen-poly(dimethylsiloxane) (CAR-PDMS) were purchased from Supelco company (USA). The SPME fibers were conditioned as recommended by the manufacturer at some degrees below each fiber's maximum temperature before they were used for the first time. Before the first daily analysis, the fibers were conditioned for 5 min at 250 ∞C in the GC injector. For the following analyses, 2 min of desorption after each extraction was used as conditioning time.
Living flowers
A 15-year-old Chimonanthus praecox Link shrub from the campus of Fudan University, Shanghai, China, was used in the present experiment. Its flowers appeared between January 15, 2004 and February 20, 2004 . The experiment was carried out on January 28 and 29, 2004. A glass chamber was devised for sampling of the volatile compounds emitted from living Chimonanthus praecox flowers (Fig. 1) . A branch with six flowers was introduced into the sample chamber. At the same time, six flowers were excised from the Chimonanthus praecox shrub and introduced into a 10-ml headspace vial.
Optimization of the SPME conditions
The Chimonanthus praecox branch with six living flowers in the sample chamber was applied to optimize the SPME conditions. To obtain the optimum fiber, five commercially available fibers were simultaneously used for extraction of volatile compounds emitted from the living flowers at 15 ∞C for 30 min. The extraction time was also tested by adsorption of volatiles in emission at different adsorption times with the same temperature of 15 ∞C.
Headspace SPME of volatile compounds emitted from Chimonanthus praecox flowers
The optimized SPME conditions were applied to headspace extraction of volatile compounds emitted from the living Chimonanthus praecox flowers and excised Chimonanthus praecox flowers. The volatiles adsorbed on the fibers were desorbed at the GC injection port with the temperature of 250 ∞C for 3 min and analyzed by GC-MS. Four replicated analyses for each sample were performed.
GC-MS
A Finnigan Voyager gas chromatograph-mass spectrometer was used in EI mode. Analytes were separated using a HP-5MS capillary column of 30 m ¥ 0.25 mm with a phase thickness of 0.25 µm from Superlco, which was inserted directly into the ion source of the MS. The splitless mode was used. The oven temperature program was as follows: Initial temperature was 50 ∞C for 2 min, which was increased to 300 ∞C at 10 ∞C min Ð1 , 300 ∞C was maintained for 5 min. Helium (99.999%) carrier gas had a flow-rate of 1 ml min Ð1 . The analysis was carried out under full-scan acquisition mode within the 41Ð450 a.m.u. range.
Precision
The four replicated extractions and analyses of volatile compounds emitted by the six living Chimonanthus praecox flowers were performed under the same conditions. The extraction was carried out at 15 ∞C for 20 min with CAR-PDMS fiber. GC-MS analysis conditions were described above.
Results and Discussion
SPME is a simple, rapid and solventless technique that permits the establishment of equilibrium between the sample matrix, the headspace above sample and a stationary phase coated on a fused silica fiber. The adsorbed analytes are then thermally desorbed from the fiber in the injector port of a gas chromatograph. This technique permits sampling of volatiles emitted by living plants in a fast and easy way. We have obtained noteworthy improvements with respect to procedures reported in the previous paper (Deng et al., 2004b) : The high concentration capability of SPME permits the use of considerably lower amounts of volatile compounds emitted from living tomato plants; furthermore, the sampling time is less than 30 min, minimizing the possibility of contamination from environment. In the present work, the technique was further developed for analysis of volatile compounds emitted from living Chimonanthus praecox flowers and excised Chimonanthus praecox flowers. A sampling chamber was devised and applied to analysis of the living flowers (Fig. 1) .
Optimizing SPME conditions
When optimizing extraction conditions in any SPME method, there are a number of variables that must be considered. The major factors studied in this work include extraction temperature, extraction time, and SPME fiber.
Headspace SPME of volatiles emitted from the living Chimonanthus praecox flowers was carried out outdoors. The outdoor temperature of 15 ∞C was used as extraction temperature. The optimum fiber was examined exposing five different fibers to the headspace of the Chimonanthus praecox flowers in a glass chamber for 30 min. The main six volatile compounds in the emission, methyl salicylate (a), acetic acid benzyl ester (b), α-linalool (c), trans-linalool oxide (furanyl ring) (d), benzyl methanol (e), α-phellandrene (f) (seen in Table I ), were applied to determine the optimum fiber. The results are shown in Fig. 2 , where peak areas of the six compounds are plotted against the different fibers. For five compounds, α-phellandrene, benzyl methanol, trans-linalool oxide (furanyl ring), methyl salicylate and acetic acid benzyl ester, the highest efficiencies were observed using the CAR-PDMS fiber. Only for α-linalool, Fig. 1 . Experimental design for headspace-SPME of volatile compounds emitted by living Chimonanthus praecox flowers. 1, SPME holder; 2, SPME fiber; 3, living Chimonanthus praecox flowers; 4, glass cylinder (120 mm wide, 60 mm diameter); 5, aluminium foil; 6, Teflon tape. the CAR-PDMS fiber has lower efficiencies than PDMS-DVB fiber. Therefore, the CAR-PDMS fiber was chosen as the optimum fiber for headspace extraction of the Chimonanthus praecox flower emission.
The optimum extraction time for exposing the CAR-PDMS fiber to the headspace of the living Chimonanthus praecox flowers at 15 ∞C was examined by measuring the sum of peak area of the volatile compounds emitted from the flowers. An extraction equilibrium was found to be at 20 min.
Based on these experimental results, the sampling conditions for HS-SPME were set at a tem- perature of 15 ∞C and at an exposure time of 20 min, with the CAR-PDMS fiber as the optimum fiber.
Determination of volatile compounds emitted from the living flower
The CAR-PDMS fiber was exposed on the headspace of the six Chimonanthus praecox flowers in the sampling chamber (Fig. 1) at 15 ∞C for 20 min. The total ion chromatogram of the emission from living Chimonanthus praecox flowers was obtained and shown in Fig. 3 . More than thirty-three compounds were extracted by the SPME fiber, separated by capillary GC, and thirtyone compounds among them were identified by NIST library and the retention indices. Thirty compounds were identified for the first time (Table I), which mainly included esters, alcohols, terpenes, carbonyls and alkane compounds. Their rel- Table I . Identification of volatile compounds emitted from living Chimonanthus praecox flowers by HS-SPME-GC-MS.
No. Retention Compound
Main fragment ion Relative RSD* time [min] (Relative abundance,%) content (%) (%) ative content values were calculated by peak areas, which are also listed in Table I .
Determination of volatile compounds emitted from the excised flower
The CAR-PDMS fiber with the optimum extraction conditions was also used to investigate volatiles emitted from the excised Chimonanthus praecox flowers. It was found that three compounds, n-pentadecane, n-cetane and n-heptadecane, were detected only in the emission from living Chimonanthus praecox flowers, while other compounds were found in both living flower and excised flowers. The results show that the three alkane compounds might be biomarker compounds for living Chimonanthus praecox flowers. For most compounds except of trans-linalool oxide (furanyl ring), their relative contents were found to be very close. The relative content of trans-lina-lool oxide (furanyl ring) in the living flower emission was much higher than that in the excised flower emission.
Precision of the method
The four replicated extractions and analyses of volatile compounds emitted by the living Chimonanthus praecox flowers were performed under the same conditions. Peak areas obtained were used to calculate the relative standard deviation (RSD) values. The RSD values are shown in Table I, which suggests that the present method has a good precision.
These results show that SPME with GC-MS is a simple, rapid and sensitive method suitable for analysis of the volatiles emitted from living flowers.
